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ABSTRACT

Thickness gauges using nuclear techniques and
radioactive sources are devised to measure the material
thicknesses of the order of microns in a non-destructive
manner without contacting the material. This allows for
quality control by measuring the thickness during
production and adjustment of the system in the case of a
failure.

The thickness gauge which is the subject of my
thesis study is designed to use gamma transmission method.
In the transmission method, the sét—up consists of the
detector and the radioactive source placed at opposite
sides of the material whose thickness is to be measured.

Unknown thicknesses can be found by using this
thickness gauge with the énd of calibration curves that
have been prepared according to the source and the
geometry used.

Minimum detection limits of various materials
that can be measured with this gauge have also been
Aetermined g0 as to give an idea about the accuracy of

the gauge.
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OZET

Nilkleer teknikler yardimi ile ve radyocaktif -
kaynak kullanilarak yapilan kalinlaik ¢lgme cihazinin
amaci mikron mertebesinde malzemelerin kalinliklarini ona
temas etmeden ve malzemeyi herhangi bir gekilde tahrip
etmeden kalinliginin 8lgililmesine imkan tanimaktir,Bu
gekilde endiistride iliretim esnasinda malzemenin kalinligi
dlgiilerek kalite kontrolu yapilabilir ve iiretim tezgahi.
eger bir aksaklik varsa hemen ayarlanabilir.

Gerceklestirilen kalinlaik Olgme cihazi gamma
transmiéyon metoduna gore dizayn edilmigtir.Transmisyon
metodunda,sistem bir tarafta dedektor,ortada dlglilecek
érnek ve diger yanda radyoaktif kaynak li¢liislinden olugmakw
tadar,

Cesitli malzemelerin bilinmiyen kalinliklara
hazirlanan kalibrasyon eZrileri yardimi ile bulunabilir,
Bu egriler kullanilan radyoaktif kaynak ve transmisyon
geometrisine gbre hazirlanmigtair,

Ayrica her malzeme i¢in kalinlik 8lg¢me cihazinan
minimum kalinlik 0l¢me saniri tespit edilmig ve bu gekilde

cihazin minimum Ol¢me kabiliyeti hakkinda bir fikir edinil-
migtir.
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I.. INTRODUCTION

1.1. GENERAL

In 1900%s Becquerel first detected the radia-
tions from a radioactive ore by after having placed a
lump of ore-bearing rock against a photographic plate
and finding that the film became blackened by the rays,
Today industry widely utilizes the alpha,beta and gamma
radiations from radiocactive materials in many different
fields,

Some examples of the radioisotope applications
are agriculture and agricultural engineering,aircraft,
building materials,chemical industries,civil engineering,
coal and coke,drugs and pharmaceuticals,electrical engi-
'neering;explosives,food,paper and printing industry,
photography and cinematography.

Radiation gauging is a branch of non-destruc-
tive testing which has been applipd to quality control
measurements of components or assemblies since about 1950°s,
Bagically a radiation gauge consists of a radiation
source,radiation detector and the related electroniec
equipment. Of the many radiation techniques available for

component inspection,three types of measurements are
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widely used,transmission,scattering and X-ray fluorescense,
each requiring the use of radiocisotopes.

Radioactive isotopes are valuable to solve indus-
trial problems since;.

~They are self contained sources of energy and do

not require any power supplies.

-The radiations from them are easily detected.

-Their performance is unaffected by heat,pressure

and .vibration,

-Their properties are perfectly reproducible; i.e,

the same radioisotope always has the same properties
In addition,based on three major properties of their radia-
tion,radiocisotopes diverse applications can be divided
into three groups (Gr-67).

a) Since radiation can be detected with extremely high
sensitivity,radioisotopes are useful as tracers,

b) Ionization and excitation effects of their radiation
make possible such uses as: dissipating electrostatic
charge,improving operation of electronic gas tubes,and
exciting phosphors to produce light,

¢) Radiation emitted by some radioisotopes penetrates
great distancés in s0lid materials,a steel casting, for
example,opening an immense field of gaging,radiography,
density,thickness,level,etc, measurements,and the loca-
tion of hidden objects,

The scope for use of radioisotopes in solving
industrial problems has been increased greatly since their
production began in nuclear reactors. This is because of

the possiblity of reactor irradiations to produce a wider



choice of radioactive materials than before,and because

this wide range of choices enableg a source of radiation to
be selected which will give both the type of radiation and
the length of half-life required. In choosing a radioisotope
the first consideration is usually the degree of penetration
required, Types of radiation available are principally

gamma rays,bata particleé and- alpha particles which have

the powers of penetration indicated in fig.(1.1).
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FPig. 1.1. Comparison of the penéfration depths of alpha,
beta particles and gamma rays through air,paper,
aluminium sheet and steel plate.(Gr-67)



It will be seen that there is a range of penetration for
éach type of radiation depending on the energy level.

The subject of our study is thickness gauges
for measuring thin materials by using the transmission
technique. It is a non-destructive testing technique with

which thin materials thicknesses can be measured in microns.



II. THEORY

2.1, GAMMA AND X~ RADIATION

Gamma rays were discovered very early among the
radiations emitted by nuclei and their electromagnetic
nature was established at the same time as that of X-rays
(Von lave,1912), Thereafter the study of gamma rays has
always played an important role in nuclear physics,Gamma
rays and X-rays are electromagnetic radiations like radio
signals,radiant heat and light. Discrete quanta of electro-
magnetic radiation are called photons and the wave nature
of these photons is characterized by frequency,y or wave-
length,);; The relation among photon energy,frequency and
wavelength is given in térms of Planck's costant,h,and the

speed of light c,

E:h\):hC/)‘ (2.1)

Electromagnetic radiation can haye'extremely high frequencies
and short wavelengths. An excited nucleus can result from
a radioactive decay process when a beta or alpha particle

is emitted or when electron capture occurs,



Most huclei are left in an excited state after one of
these events,The gamma radiation that is emitted represents
the energy difference between one excited level of the
nucleus and another energy level. In some cases the excited
nucleus may go to the ground state in steps through two or
- more successively lower energy states,emitting gamma radia-
tions in cascadé before reaching the ground level. X-rays
originate in the electron shell of the atom and is emitted
when an atom goes from one energy state to a lower one.
Por example,when a K-shell electron has been removed, the
atom is left in an excited state., The electron can be
replaced by an electron from one of the outer shells,
principally an L-shell electron. When this occurs,a photon
of X-radiation is emitted that has an energy equal to the
difference in the binding energies of the K and L shell
electrons. These emitted photons of X-radiation are discrete
for each electron transition.

In this study,we are concerned with the interaction
of electromagnetic radiation with matter rather than origin

or formation of the gamma and X-radiation.,



2.2. GAMMA RAY INTERACTIONS WITH MATTER

Attenuvation of gamma rays would be relatively
gimple if the interaction processes were purely absorptive,
in other words,if each collision resulted in the disap-
pearance of a photon, Thus,consider a plane gamma ray beam
in such an absorptive medium.If the flux density of the
beam at any point x is I(x),then the number of collisions
made in a path length dx by photons passing in‘unit time

through a unit cross-sectional area of the beam is

I ¢ndx=IMdx | (2.2)

where ¢ is the collision cross section of the photons

per scatterer, n is the number of scatterers per unit Volume,
and/M.equal tong , is known as the macroscopic absorption
coefficient of the medium, Since the collisions are purely
absorptive,this number of collisions must be exactly

equal to the decrease in the flux density I(0) over the

distamce dx:

«dx:I/de or g}IC :-/V\I (2.3)

This simple differential equatioh above gives the well
known Lambert's.law of absorbtion (Go-56) :

I(x)=I(0) e (2.4)



Similar expressions can be obtained for other geometries
of the incident beam or source; in all of them the essen-
tial features of the attenuation will be determined by

the exponential factor. However, gamma-ray interaction
processes are not always completly absorptive. Sometimeé
the photon survives the collision with,at most,changes’

in direction and energy,in other words,the interaction is
a scattering event rather than absorption. Even when a
photon disappears on collision, the electrons or positrons
resulting from the réaction may produce other photons
through secondary processes. Equation (2.2) still gives
the number of collisions in distance dx, but this is no
longer the decrease in the flux density. The attenuation
of the total beam is thus not described by Eq.(2.4),
although the equation it self can be retained for the flux
density of those photons which survive without having made
any collisions at all. The major problem of concern in
gamma-ray attenuation is to find,by experiment or theory,
the number of photons which reach the observation point
after one or more collisions,

For interaction of gamma rays,although a large
number of possible interaction mechanisms are known for
gamma rays in matter, only three major types play an
importaﬁt role in interaction with matter. They are photo-
electric effect,compton effect,péir pfoduction. All of
these processes lead to the partial or complete transfer
of the gamma ray photon energy to electron energy. There
are other processes contributing to the total mass attenu-

ation coefficient. Their effect is,however,minor .
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Interaction of gamma rays with matter is shown in fig.(2.1)
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Fig. 2.1. The relative importance of the three major types
of gamma ray interactions. The lines show the
values of z and hy for which the two neighboring
effects are just equal.(Kn-79)
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2.2.1. PHOTOELECTRIC EFFECT

In the atomic photoelectric effect an incident
photon transfers all its energy to one of the atomic
electrons,ejecting it from the atom., The kinetic energy
of the emitted electron is equal to the incident photon
energy less the ionization energy of the eiectron. Hence
the photoelectfic brocess can occur with a given atomic
electron only if the energy of the photon is greater than

the electron binding energy.

Eez hy - Eb : (2.5)

where Ee 1s the kinetic energy of the emitted electron,
hY 1s incident photon energy, Eb is binding energy of the

photoelectron,

2.2.,2, COMTON EFFECT

In compton scattering,the incident photon encoun-
ters an orbital electron,loses only part of its energy in
freeing that electron from its atom,and is scattered away
from the beam with less energy than it initially had.

It can thus be reasoned that Comptonlscattering becomes

important at higher photon energies than the photoelectric

effect.
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2.2.3. PAIR PRODUCTION

In pair production all the energy of the incident
photon is transformed into creating an electron pair-an
electron and a positron. The kinetic energy of the pair
is equal to the photon energy less 2m02,the rest mass of
the pair. Hence pair production has a threshold at
2me? = 1,022(MeV) below which it cannot take place. Like
the photoelectric effect,pair production cannot take place
in free space; to conserve momentum it can occur only in
the electric field of a particle which can carry away
some of the momentum in the recoil. Either the atomic

electrons or the charge on the nucleus can provide this

field.

+ bt
E+E=hv - 2me?2 (2.6)

=+

i+ E=hy - 1.02 (MeV)‘ (2.7)

+ -
If E is the kinetic energy of the positron,E is the kinetic
energy of the electron, and 2m92 is the rest mass equivalent

energy of the two particles; then an energy balance yields,
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2.3. GAMMA RADIATION SOURCES

The transmission of electromagnetic radiation
has been successfully used in the measurement of the
thickness of metal sheets, and in the other applications.

Although a large number of radioisotopes are
available as sources of electromagnetic radiation, only a
relatively few are extensively used. The factors governing

possible uses are availability,cost and long enough half-life.
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III. DESIGN AND OPTIMIZATION OF A RADIOGAUGE

3.1, CHOICE OF RADIOGAUGE PRINCIPLE

There are several choices‘of radiogauge principles
for the measurement of any given parameter ,The optimum
principle depends not only upon the accuracy that is
desired but also upon such practical considerations as

1- availability of a suitable radioisotope source,

2- cost of the radiogauge system,

%.- freedom from measurement interferences,

4~ radiation safety considerations,

These practical factors can be treated by a common-sense
approach.The choice of principle is treated here primarily
from the standpoint of accuracy or sensitivity.The most
common applications have been measurements of density,
thickness,level of filling and component analysis. These
measurements can furth erbe classifed according to the state
of the sample being measured,gas,liguid and solid.

Gamma rays affected by several centimeters of
l1iquid or solid material and are the natural choice for
samples of this from and size. X-rays are available in a

wide range of energies and therefore quite versatile 1in

application.
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3.2, CHOICE OF RADIOISOTOPE

The most important factors inrthe choice of a
radioisotope are availability,cost,half-1ife and energy. of
emitted radiation.Especially,radiogauging principle that
is quite common is the transmissien of beta,gamma and
X-rays through matter.For this case,one can derive the
optimum mass attenuation coefficient determined by energy
based on the best accuracy.The intensity of radiation
passing through an absorber is given by an exponential law.
For gamma and X-ray sources this law is exact for mono-
energetic particles.

In terms of counting rates,this law;

I(x)=1(0) 8-7“X (3.1)

where I(x) is counting rate with absorber x between source
and detector, I(0) is counting rate with no absorber,
M 1is total mass attenuation coefficient (cmz/gm)
x 1s absorber density thickness (gm/cmz)

Equation (3.1.) describes the case of the source-detector

absorber arrangement shown in fig,(4.2)

To determine the optimum source for any material thicknesss:

Congider the definition of the standard deviation

of the measured variable.PFor error propagation of Eq.(3.1)

(T (x))= _%I.}((KJ_ ¢(x) (3.1)
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where g(x)is the standard deviation of the measured values,

I(x))1s the standard deviation of counting rate.

mI(x;)'—_-\E;zf_%al_ (3.3)

where T is equal to RC,the rate-mater time constant

R 18 resistance and C capacitance of the capacitor

of the counting rate meter,

G(X):axa(i F(1(x)) (3.4)
U (x)= e/ I(x) (3.5)
MI1(0) 27T
'/M%Q

— -8 1
T Gey= i \IzI(o)‘L (3.6)

A stationary value of the standard deviation with respect
to the total mass attenuation coefficient/M~is obtained
by the usual procedure of setting the first derivative

equal to zexo,

1 MG MK 1
dU{;/Ej‘C) :O:T(ZI(O)’[)III [— -322—/"8 +¢€ ] ey (3.7)

/
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from which

In this condition?standard deviation will be minimum for
mx=2 (Ga-67), If the statistical counting rate fluctuation
is the predominant source of error,the best accuracy will
be obtained in the vicinity of Eq.(3.8).

This criterion can be used in the choice of a
radioisotope source when the radiogauge operates on the

exponential absorption law.
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IV, EXPERIMENTS AND CALCULATIONS

4.1, EXPERIMENTAL PROCEDURE
4.1,1, Explanation of electronic and geometric arrangements

Firstly,the gamma ray spectrum is determined by
using a scintillation detector which employs the electronic
arrangement of fig. (4.1) and geometric arrangement of

fig., (4.2).

N

*/O{‘ NalTIIPM. tUlePre. A, Armp. S.C.AFCounter
Source ;1/ ' .I
Timer

Fig., 4.1. The schematic electronic arrangement for gamma
ray spectrum analysis,

Electronic arrangement consists of a NaI(Tl) scintillation
detector,photomultiplier tube (P.M.),preamplifier (Pre.A.),
high voltage power supply (H.V),amplifier (Amp.),single-
channel—analyzef (S.C.A),counter and timer.Scintillation

crystal particularly NaI(Tl) crystal have become the most
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popular sensors for detecting gamma radiation.Seintillation
detection is primarily useful for pulse measurement,both
pulse counting and pulse-height analysis.They are quite
efficient in converting absorbed radiation energy into
photons of light,

Geometric arrangement has three main components
which are source,detector shielding and sample holders.
Sample holder is placed between'the source and detector.
Source shielding has source holder andksource collimator
which collimates gamma radiation.A good collimator material
for high energy gammé radiation is lead.Scintillation detec-
tor which is 2"x2" NaI(T1) is placed into a lead detector
holder.The detector shielding prevents it from outside or
external radiations,The detector collimators are made of
lead and are designed with four different orifices because
during the experiment each of the detector collimators can
be changed according to the energy of the source.Detector
shielding can be moved towards the source according to the

desired level of intensity and energy.
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4.1.2, Calculations of source intensity relative

transmission geometry

Radiation from radioisotopes is in general emitted
equally in all directions.If a hypothetical sphere of an
arbitrary radius D is constructed around this point source,
all the emitted rédiation from the source will pass through
the spherical surface with equal distribution if no absorp-
tion occurs.

This means that the fraction of the total radiation
that strikes the detector can be given in terms of the
fraction of the spherical surface that is outlined by lines
drawn from the point source to the extremities of the
detector.This is,by definetion,the solid angle subtended
by the detector.The fractional solid angle is commonly
known as the geometry fz of the source-detector arrangement

fig. (4.4).

-ﬂ

Poi Nt g, e |Detector
source ’

D

|

Fig. 4.4. Schematic representatipn of a point source and

cylindrical detector arrangement.
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Geometry factor fgo~ __§M§ (4.1)
47T D

where D 1is the distance between source and detector,
A iIs the detector area or collimator orifice area

Which is (A=TI(R/2)2) and R is the collimator orifice

diameter.

Table 4.1. List of source activity

Source Activity(mei)* | Activity(dis/s)
Am-241 9.894 3,66x10°
 ¢d-109 2.29 8,473x107
Pu-238 | 28.46 1.05x109

% One Curie is defined as exactly 3.7x1010 (dis/s)

Theoretical intensity whit no absorber:

I(0)=4A¢ x f3 x (abundancy %) (photon/s) (4.2)

where A, is source activity (dis/s)

According to the system utilized,geometry factor fG is:

£ — TF(R/ZE__
6= ATTDE (4.3)
2 .
fg = ILLiﬁglg- 2..162){1'0-4 (4.4)
47T (85)

From table 4.2. ,theoretical intensity can be seen for

different radioactive sources.



Table 4,2, Theoreti

23~

Source |Ac(dis/s)l fu 1074

al inténsit from (Bq 4.2)

Abundancy |Theo,Inten,(photon/s)
Am-241 |3.66x108 [ 2,16 0.353 27941
¢dy109 |8.47x107 | 2.16 1 18%23
Pu-238 11.,05x10% | 2.16 0.13% 29604

In this calculation, attenuation of air between

source and detector and thickness of detector window are

neglected,
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4.1.3. Determination of gamma ray spectrum analysis and

energy calibration.

B& using the electronic and geometric arrangement
illustrated by fig.(4.1) and fig.(4.2) gamma ray spectrunm
analysis can be performed.,The aim of gamma ray spectrum
analysis is to establish the energy distribution of the
signals at the output of the photomultiplier tube,Before
detérmination of the gamma ray spectrum,study voltage
should be determined for a constant threshold voltage and
window according to the source in fig.(4.6),After this,
gamma ray gpectrum is plotted by changing threshold voltage

and the following diagram in fig.(4.5) is obtained.

\

/i
i

Count | photopeak
rate : :

\

A\

/‘\\
o \

1

|

|

l

|

j

|

| -

Ez Threshold
voltagel(V)

Fig. 4.5. A monoenergetic gamma ray spectrum,

Tn this diagram,the maximum of the peak corre-

sponds to a gamma photon energy.ldeally this peak should

be a vertical line,however,since the multiplication in
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the photomultiplier tube and the amplification of the
signal in the electronic equipment is not always exactly
the same,such a distribution will be observed.

Three gamma ray sources are especially used in

this study.They are Am-241,Cd-109,Pu-238,

Table 4.3 Properties of the sources

Source [Half |[Energy {(Activity | Abundancy
pname llife (KeV) iApr.1984 %

Am-241 1433yr{ 59.54319.895 mci] 35.3

C€d-109 1453d, {22-25 2.44 mei | 103.3

Pu-238i87.4yxl3.6-22128,53 mcij 13.6

Four detector collimator and source collimators are designed,
which have orifice diameters of 3%,5,8,10 mm.During the
experiment,geometry of the experimental system and the
variables of electronic arrangements must always be
constant.For this reason,firstly collimator with an orifice
diameter of 3mm is placed and the gamma ray gpectrum with
Am-241 is employed.With the same geometry and high voltage
the experiment is repeated for Cd-109 and Pu-238.But the
peak of Pu-23%8 was not detected under the game conditions,
In this case,5mm orifice diameter was placed instead of

Zmm one and the distance between source and detector was
decreased from 116mm to 85mm,The plot of gamma ray spectrum
with Am-241,Cd-109,Pu-238 is illustrated in fig.(4.7),

fig.(4.8),fig.(4.9) respectively.

o i
[T :‘1‘[““;\%‘6

. ¢;g§ ‘{( :{} ';\}
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After this procedure,energy calibration curve
(source energy vs. threshold voltage) is ploted in fig.(4.10)
According to energy calibration curve,full witdh at half
maximum(FWHNM) vs. source energy diagram can be plotted
in fig.(4.11).According to fig.(4l7),(4.8),(4.9) and table
4.4 can be arranged.Now,the thickness measurement after the

calibration of system can be effected.

Table 4.4 Results according to the
gamma seurce used in the experiments’

soveee Tonzeencdd | omm | vans
Am-241 | 7.51 1.65(V) | 598(V)
Cd-109 2.9 1,05(V)| 598(V)
Pu-~238 2.2 1.00(V)| 598(V)

So far, geometry and the system of calibration
according to electronic system and radioactive sources has
been completed.Now,study voltage,window and threshold
voltage and geometry according to radioactive sources can
be fixed.

Experimental measurements can now be made and a
thickness calibration curve is plotted by using standard

ngoodfellow metals" foils illustrated in table 4.5.



Table 4.5 Goodfellow metals
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Atomlic | Metal No. | Dimensions Thickness
No. (mm x mm) (mm )
Cr 1 100x100 0.002
24
Cr 1 100x100 0.005
Cr 1 100x100 0,01
e 1 50x50 0.005
26 Fe 1 50%50 0.01
Fe 5 100x100 0.050
29 Cu 1 100x100 0.02
Cu 1 100x100 0.125
Ag 1 100x100 0.025
471
Ag 1 100x100 0,125
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HVmax =598V

Threshol d[V]

Frig. 4.7 The monoenergetic gamma ray

spectrum for Am-241
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Fig. 4.8 The monoenergetic -gamma ray
. spectrum for Cd-109
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4.,1.4, Experimental measurements.

Electronic system according to optimum geometry
is calibrated.Then if table 4.6 is studied carefully for
each source,thickness measurement can be performed because
all the variables are ready.ln this case,the thickness
calibration curves are plotted because a thickness calibra-
tion curve can be used to determine the unknown thickness
of a sample.In this experiment,two kinds of thickness
calibration curves are prepared.One of them is the theor-
etical calibration curve and the other is the experimental
one.The theoretical and experimental curves are important
to compare the experimental and theoretical results.

The experimental results should be close to the
theoretical results because the efficiency of the estab-
lished system can be found by means of these thickness
calibration curves.If there is not any difference between
the experimental and theoretical results or are not sig-
nificant,then,it means that the electronic and geometric
system had been established properly.The theoretical

thickness calibration curve is drawn by means of Eq.(3.1)

and I(0) is found in table 4.2. for the radioactive source,
the values of M can be found in table 5.1. or from diagrams
of total mass attenuation coeffigient v8., source energy
(sea also APPENDIX A).In Eq.(3.1),the values of I(x) are
calculated by changing the thickness X and the theor-
etical thickness calibration curve is plotted versus the

thickness.Experimental thickness calibration curve can be
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plotted by means of the electronic and geometric arrange-
ment.For example,using the radiocactive source Am-241 and
sample Ag,the electronic and geometric arrahgément for
the experiment,is performgd as follows: From table 4,6,
and fig.(4.7),the high voltage,threshold and window are
598 (V),5.25(V),4.6(V) respectively,for the source Ams241,

Distance between source and detector is adjusted
to 85mm and 5mm collimator orifice diameter is placed

into the detector shielding.

Table 4.6 Experimental results with

radioactive sources.

Radioactive sources

Variables
Am-241 Cd-109 Pu-238
HVmax (V) 598 598 598
Threshold (V) 5.25 1 1.2
Window (V) 4,6 3.6 2.3
Distance (mm) a5 85 85
(source-detector)
Collimator orifice 5 5 5
diameter (mm)
Experimental
17279 8180 1123
intensity(Counts/s ]

Then,all the variables are set for the source

Am-241 to count measurements.After this,a standard foil,

for example, silver of 25(Mm) is placed in sample holder
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and then the existing count is 13500 counts per second I(x).
The same way, other standard foil thicknesses are used

and a lot of experimental points can be found.So the
experimental calibration curve can be plotted.The most
satisfactory experiment amongst the three sources used was
with the source Cd-109.The slope of its calibration curves
were suitable for the measurements.lhe sensitivity of an
instrument is often defined as the change in the response
for a given change in the variablé being measured,For

example,the sensitivity for the radiogauge would be written

as

SzzuiL%le-— (counts/thickness) (4.5)
x

Thus the sensitivity is just the slope of the calibration
curve (Ga-67).The sensitivity vary with x.If the change
of intensity according to change in the thickness is sig-
nificant the slope of the calibration curve is significant
and the measuring sensitivitiy of the instrument is suitable
for the measurements.

The experimental calibration curves are helpful
in finding any unknown thickness desired.r¥or example,if a
thickness of sample is unknown,as explained before that
sample is placed in the sample hoider and a count is ob--
gerved from counter and with the help of the count from the

experimental thickness calibration curve, the unknown

thickness can be found,



Pig. 4.12 THEORETICAL AND EXPERIMENTAL THICKNESS
CALIBRATION CURVES FOR RADIOACTIVE
SOURCES :Am-241,Cd-109,Pu~-238

(Logarithmic scale)
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V. MINIMUM DETECTION LIMITS

Evaluation of minimum detection 1limit is re-
quired for each source and sample because this determines
the measuring ability of calibrated system.There is not
an exact rule for the calculation of minimum detection
limits and requires some assumptions te be made .,for

example, from equation
I(x) = I1(0) e™/MPX (5.1)

If § (I(0)) is error of counting rate with no sample and
if difference between the counting rate with no sample
and the counting rate with sample is greater then ((I(0)),
namely, {J (I(0)) <X(0)-I(x),this indicates that there |
1s a sample which has at least the minimum thickness
between the source and detector,

Now,an assumption can be done for the difference

between I{0) and I(x).So,it can be that
1(x) = 1(0)-2 {(I(0)) (5.2)

where § (I(0)) is the standard deviation of the counting
rate with no sample and equals to VI(0) and previous

equation is
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I(x)= 1(0)-2\ 1(0) (5.3)
In this case,when the difference between

I(0) and I(x) equals to two standard deviations ef the

counting rate with no sample,there is a sample which

will be measured the thickness.Prom Eq.(5.1), thickness

X can be solved:

ezt o _1(0)

o4

Y (o) (5.4)

and if I(x)= 1(0)-2 \I(Q) +then (5.5)

Xmin=__1 1n / 12 (5.6)
A

QI(O)

Table 5.1 Minimum detection limits(/wm)

Scurce Sample

Cr Fe Cu Ag
Am-241 } 21,32 | 15.83 10.69 2.52
Cd-—lo9 1083 1035 0071 105
Pu-238 1.33 0.92 0.54 1.01



Table 5,2 Total mass attenuation coefficient for
sources and samples (em2/g).

Samples Am~241 Cd-109 Pu-238
Density(g/m)b9.6(KeV) 22.2(KeV) 13.6(KeV)
Magnesium | 1,74 0.26 1.89 6.2
Aluminum 2.699 0.3 2.5 11.0
Zine 6.5 1.74 30.0 110.0
Crom 7.19 1,00 17.0 64.0
Mangenese 7.43 1.1 16.0 60.0
Iron 7.87 1.23 | 21,0 85.0
Cadmium 8.65 6.3 15.0 64.0
Nickel 8.9 1.55 26,0 110,0
Copper 8.96 1,6 35.0 125,0
Silver 10.49 5.8 14.18 58.0

For the calculation of mimimum detection limits every

the radioactive sources and samples, with the help of

the table (4.6) and table (5.2) the minimum detection

limits can be calculated for each sample and the source

such as table

(5.1),

If the table (5.1) is studied,for example,the

minimum detection limit is 2.52(mm) for the radioactive

source Am-241 and sample silver. In other words,one can

measure or detect a thickness of any sample until thick-~

ness of 2.52(mm) for silver with the source Am-241,
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VI. DISCUSSION AND CONCLUSION

The aim of this study was to develop a thickness
gauge to ﬁeasure the thickness of thin foils in microns,
A thickness gauge can be effected at the end of this
study and the thickness calibration curves were prepared
to find the unknown thickness of samples.In this experi-.
ment, measurement is non-destructive and no contact is
required with the material being measured.Such instru-
ments are therefore used on continuously produced ma-
terial travelling at high speed or at high temperature,
on soft or malleable materials and on those where the
surface finish is important.

The first task to be accomplished before starting
with the experiments is the choice of the source.The
above mentioned equation/ﬂx=:2 is to be used in order
to find the optimum source.

Low energy sources should be chosen since the
thickness measurements to be pefformed are of the order
of microns according to the equation/nx=:2.Low energy
photons(5.89KeV of the source of Fe-55) are absorbed
within the detector window thickness and therefore the
count rate obtained will be Low. Therefore,the thickness
of materials such as the samples Al,Mg could not be
measured.The experiments with the source Am-241 and the

sample Ag is suitable but the calibration curves obtained
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for the samples Cr,Fe and Cu are not satisfactory due to
the attenuation in materials that are less dense than
the sample Ag is weak since the energy of radioactive
source Am-241 is high, -

There are other problems about the calibration
curves,too, For example,the experimental calibration
curves of experiments with the source Pu-238 intersect the
theoretical ones,in which case the results of the experi-
ment are invalid. The experimental with thé sample Ag
can be given as an example:

The energy of the source Pu-238 ranges from
13.6 to 22KeV,The K-edge is absorbed about 25.517KeV in
the graph of total mass attenuation coefficient V8. source
energy prepared for the sample Ag (see also APPENDIX A).
This is close to the max energy of the source Pu-238 and
the region where the total mass attenuation coefficient
changes sharply. This is due to excitation of the sample
Ag by the source Pu-238 and the successive de-excitation
thereby releasing the energy acquired in the from of
electromagnetic energy which,in turn, results in a higher
count rate, Hence,the experimental and theoretical
calibration curves intersect each other as can be seen
in the plot and this is an unexpectedly errorneous situation,
In addition,the experimental and theoretical calibration
curves of the source Cd-109 are. parallel and the energy
of the source Cd-109 for the samples used had been selected
properly and the experimental calibration curves are

suitable to measure the thickness of samples.



~55.

The alignment of the axes of the collimators
are as shown in fig.(4.2) must be assured, otherwise the
collimator orifices will not face each other exactly in
which case insufficient ang erroreneous counts will be
obtained, That the detector ig removable is of great use
gsince it allows for easy adjustment of detector-to-source
distance depending upon the energy and intensity of the
source. The number of photons incident on unit area
decreases as the Qistance from source to detector increases
(From Eq.(4.1)) and the number of photons incident on the
detector should be large so that the error coming from
counts is small. The €rror can be expressed as the relative

standard deviation that is

() Na'__ 1
n n \n?

(6.1)

where n ié total counts (Gr-67)
As can be seen from this equation,if counts are large the
relative standard deviation is small,

As explained before according to the radioactive
gources and the samples,the thickness gauge has been
adjusted. In the experiment,if the thickness of materials
of high density is measured by the high energy source, the
better results can be obtained but for the source selection
of the foil fhickness,the energy of source should not

correspound te the K-edge region.



-56-

For each sources and samples,the minimum
detection limits hag been found and users have an idea
about the minimum detection limits.In this study, the

most satisfactory results amongst the three sources were

obtained with the source Cd-109 and partly the source Am-241,
But the source Pu-238 can be used to measure the thickness

in the experiments if the optimum samples are selected
according to the equation/ux::Z but it is on condition

that the region of K-edge is taken into consideration.
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APPENDIX &

TOTAL MASS ATTENUATION COEFFICIENT (T.M.A.C.) [en? /g |

VS. RADIOACTIVE SOURCE ENERGY (E) E{QV:] DIAGRAMS.
(Logarithmic scale)
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